Background. In protected areas, legislation restricts the population's access to natural food resources, which might have an impact on their welfare.
Introduction
Worldwide, millions of people rely on natural resources for food and on ecosystem services that help to produce food [1] [2] [3] . Ensuring environmental sustainability and reversing the loss of resources is one of the Millennium Development Goals [2] . Achieving this goal will also contribute to other goals, such as the eradication of extreme poverty and hunger [2] . Protected areas have a role to play in the conservation of biodiversity and in ensuring the sustainable use of natural resources [2, 4] . However, some populations reside in protected areas, and legislation limiting the extraction of natural resources [4] probably restricts their access to food. This might have an impact on their welfare. Since nutritional status is an accepted indicator of well-being, it is relevant to assess its relationship to the use of natural resources.
According to a well-accepted model, the immediate determinants of nutritional status are dietary adequacy and health status, which also act in synergy [5] [6] [7] . These, in turn, have underlying determinants: access to adequate food, appropriate care, adequate health services, and a healthy environment. The fulfilment of each of these determinants requires that the necessary resources not only be available at the community level but also reach households and their individual members [8] . In the Gamba Complex of Protected Areas of Gabon, natural resources are generally considered essential for the welfare of the rural population. We therefore adapted this model to examine the relationship between the nutritional status of the population and their use of natural resources.
In this paper, we investigate whether the use of natural resources by individuals leads to improved attainment of their nutrient requirements and to the achievement of a better nutritional status. Because addressing the underlying determinants of nutritional status should have a more sustainable impact, we also try to examine their association with the individual use of natural resources. Because everyone has a right to adequate food [9] and nutrition challenges go on throughout the life cycle [7] , we explore this question in all age groups (except for children under 6 months of age, who should be exclusively breastfed [10] ), not only among those most vulnerable to undernutrition. Although breastmilk was regarded as a natural resource, it was not included in our analysis, since its access is not limited by legislation.
In Gabon, natural resources are considered renewable resources, namely soil, water, fauna, and flora [11] . We considered only fauna and flora, given our interest in sources of food.
Methods

Population and sample
The Gamba Complex is located in south-eastern Gabon, covering 11,320 km. 2 Major habitat types are tropical rainforest, inundated forests, swamps, savannas, lagoons, and mangroves. It is the home to a wide range of species including forest elephants, hippopotamus, gorilla, and manatee, as well as numerous species of endemic flora and fauna. Over 80% of the rural population lived in 24 villages [12] [13] [14] : 15 were mainly inhabited by the Balumbu (799 inhabitants living mainly in coastal areas) and 9 by the Bapunu (1,065 inhabitants, continental areas). Access of the villages to public food markets was determined by travel time (≥ 90 minutes or ≤ 20 minutes for villages accessible by boat) or its distance from the market (≥ 80 km or ≤ 40 km for villages accessible by road). Sampling was performed to represent the two locations (coastal and continental) and different degrees of ease of access to food markets. Each village was assigned to one of four strata: coastal, poor access to market (≥ 90 minutes or ≥ 80 km); coastal, easy access to market (≤ 20 minutes or ≤ 40 km); continental, poor access to market; and continental, easy access to market. Within each stratum, the village with the largest population was selected. The four villages selected represented approximately 30% of the rural population of the Complex. In each of the two major seasons, namely the long dry and rainy seasons, all households of each village were invited to participate, and informed consent was obtained from each household.
Data collection
A team of nine local surveyors were trained in data collection methods during a period of 2 weeks and supervised daily during data collection in 2000. For food intake, we sought an estimate of the usual intake of individuals. In each of the two major seasons, a 7-day weighed food consumption survey [15] was carried out for all individuals of every household who agreed to participate (95%), since this method provides the most accurate estimate of the food intake of individuals [16] . All ingredients included in food preparation as well as cooked individual portions, individual and household leftovers, and snacks or meals taken outside the village were weighed with an Acculab scale (4 ± 0.001 kg). In each household, the surveyors also identified and weighed daily all resources that entered or left the household with a Salter scale (25 ± 0.1 kg, 50 ± 0.1 kg) or Acculab scale (4 ± 0.001 kg).
In each season, two semistructured interviews were conducted to collect data on sociodemographics, care practices, and household access to safe water, while the presence or absence of a latrine and garbage pit was recorded as well as their distance from the house. To reduce biases and to increase the reliability of data on care practices [17] for individuals most vulnerable to undernutrition, we also used continuous monitoring observations during each 7-day period. Therefore, in each season, the following was recorded daily, guided by an observation grid: active complementary feeding of young children as well as hygiene practices toward them, food-preparation practices, household hygiene, women's workload, presence and type of illness for each individual, and use of bednets by members of vulnerable groups (children under age five, women caregivers and the elderly). Individual health status was also recorded daily. The weight and length or height of each individual were measured once in each season according to recommended methods [18] . At the vil-]. At the vil-. At the village level, the source of drinking water was recorded as well as the presence or absence of a health facility, its staffing, and the availability of medicines. All data were reviewed daily to ensure completeness and accuracy. Several measures were taken (e.g., standardization of methods for data collection) to ensure the reliability of data collection and transcription.
Data analysis
Food intake data were coded into the WorldFood Dietary Assessment (version 2.0, 1999, University of California, Berkeley, CA, USA). Each food consumed during the survey had initially been coded as a natural or non-natural resource and by type within each group. The types of natural resources were mammals, reptiles, amphibians, and birds; fish and crustaceans; and wild plants. The types of non-natural resources were agricultural and imported or manufactured products. The following was calculated for each person each day: the quantity of each category of food consumed, the quantity of each nutrient and the quantity of each nutrient provided by each type of resource. The data were entered into SPSS (version 13.0) for further analysis.
Anthropometric measurements of children under five years of age were initially analyzed with World Health Organization (WHO) Anthro 2005 software (version Beta, 2006, WHO, Geneva, Switzerland), whereas measurements of children 5 to 9 years of age and of adolescents were analyzed with Epi Info (version 2002). The resulting indices of length-or height-forage and weight-for-length or -height as well as body mass index (BMI)-for-age were transferred into SPSS for further analysis. All other data were coded directly into SPSS. Duplicate coding of a 10% random sample of data was carried out to ensure its reliability.
Nutritional status
Nutritional status was assessed by length-or heightfor-age and weight-for-length or -height for children under five [18] , by BMI-for-age for older children (5 to 9 years) and adolescents (10 to 19 years) [18] , and by BMI for adults (20 to 59 years) and the elderly (≥ 60 years) [18] . Children under five with a lengthor height-for-age and a weight-for-length or -height below -1 z-score from the median value of the WHO growth standards [19] were considered undernourished. Children 5 to 9 years of age and adolescents with a BMI-for-age below the 5th percentile of the Centers for Disease Control and Prevention (CDC) reference population [20] were considered undernourished [18] . In adults and the elderly, a BMI below 18.5 indicated undernutrition [18, 21] .
Nutrient adequacy and health status
For each individual, nutrient requirements were estimated following the WHO/Food and Agriculture Organization (FAO) recommendations for energy [22] , protein [23] , vitamin A [24] , and iron [24] . In each season, for each individual, the percentage degree of achievement of requirements for each nutrient was calculated by comparing the 7-day mean intake with the estimated requirements. The individual's mean degree of achievement of all four nutrients was then calculated using a possible maximum of 100% for each nutrient, and the mean of both seasons became the measure of his or her usual degree of adequacy of nutrient intake.
In each season, a score of health status was assigned to each individual, depending on whether he or she was ill during the days surveyed and on the nature and duration of the illness [25] . The mean of the scores for the two seasons was then calculated. The maximum score was 10.5 (not sick).
Individual use of natural resources
In each season, the use of natural resources by each individual was estimated by calculating the mean daily contribution of each type of natural resource to the achievement of each of the four nutrient requirements (energy, protein, vitamin A, and iron) as well as its mean contribution to the achievement of his or her four nutrient requirements (e.g., the mean contribution of each type of resource was calculated to the achievement of each nutrient requirements-namely, energy, protein, vitamin A and iron. Thereafter, the four numbers were averaged to obtain the mean contribution to the achievement of the four nutrients). This provided a first estimate of the contribution of resources to nutrient adequacy. The mean of the estimates for the two seasons was then calculated for a better estimate. The final measure of the individual use of natural resources corresponded to the proportion of all four nutrient requirements that was obtained from all natural resources over both seasons.
Access to food, care, and health
Details of indicators used to assess the underlying determinants of nutritional status have been described elsewhere [26, 27] . In summary, our assessment of access to food was carried out at the household level and was grounded on the model proposed by Jonsson and Toole [8] and later adapted by Maxwell et al. [28] . Our assessment took into consideration the nutrient adequacy of the household in four nutrients and the proportion of household income dedicated to food purchases in each season. Households considered food secure were those that achieved at least 75% of the household's requirements for at least two of the four nutrients examined and spent less than 50% of their income on food. Four categories were derived from these criteria, and each household was assigned a final score, where a score of 1 indicated severe food insecurity and a score of 4 corresponded to a food-secure household. Each individual was assigned the score of his or her household.
Access to care was assessed only among groups most vulnerable to undernutrition, namely children under five, women caregivers, and the elderly. We developed three indexes derived from the work of experts participating in the UNICEF-Cornell Colloquium on care and nutrition [29] , which was later operationalized by Engle et al. [30] . For children under five, the index included indicators related to breastfeeding, complementary feeding, food preparation, and hygiene and health practices. For women caregivers, it included indicators related to care during pregnancy and lactation, reproductive health, health practices, and the woman's workload and autonomy. The index of care for the elderly included three constructs: food preparation, hygiene, and health practices. Data from both seasons were combined for the analysis.
The index of access to health services and a healthy environment included indicators at the community level and at the household level. For the former, the indicators related to the availability of a health structure with basic drugs and skilled health staff and to access to safe water. For the latter, the presence of a latrine and a garbage pit was considered, as well as their distance from the house. A household score was defined and assigned to its members.
Household access to natural resources
In each season, for each household, the value in US dollars of each resource used during the 7-day period was calculated based on local prices. The mean weekly total value of natural resources used per capita in each household was calculated on the basis of data from both seasons, as an indicator of the household's access to natural resources.
Socioeconomic status
Socioeconomic status was estimated from a combination of ownership of assets and income over both seasons. The following seven items produced a Guttman scale with an acceptable coefficient of scalability (0.72) and reproducibility (0.90), which suggests that the underlying concept is unidimensional [31] : seeds, live-]: seeds, live-: seeds, livestock, fishing net, snares, hatchet, "dugout" (a type of canoe) or firearm, and possession of savings in the last 2 months. Households received a score of ownership of assets according to their position on the scale [31] and were then grouped into terciles. The mean weekly household income per capita was calculated from data from both seasons, and the households were again grouped into terciles. For each household, a socioeconomic score was then created by adding their position on both terciles, for a potential maximum of 6.
Statistical analysis
Normality in the distribution pattern of each continuous variable was examined by visual inspection of the probability plots and the Kolmogorov-Smirnov test. Homogeneity of the variance was assessed with the Levene test. When necessary, square root and logarithmic transformations were applied to obtain normal distribution patterns and homoscedasticity.
Analysis of variance and t-tests were used to detect differences between variables, and Pearson correlation was used to test for associations. Stepwise multiple linear regression analyses were performed to identify the determinants of nutritional status. Potential determinants were integrated in the first model, whereas potential mediators (those related to nutritional status with p < .10) were considered in the subsequent models. In the second one, individual-level mediators (sex and age) were integrated when relevant. Household-level mediators (sex and schooling of household head, household size, dependency ratio, and socioeconomic status) were considered in the third model and the community-level mediator (location or ethnic group) in the fourth model. All models were run separately. A p value of .05 was accepted as indicating statistical significance. The eigenvalues, condition index, and proportion of variances of the final model were checked for collinearity.
Results
Among the most vulnerable groups, nutritional status did not generally vary with sociodemographic characteristics (results not shown). The following were exceptions: children 24 to 59 months of age were generally better off if they lived in households with a head who had attended school for more than 3 years (mean weight-for-height z-score, −0.1 ± 0.1 [n = 34] vs. −0.5 ± 0.1 [n = 29]; p = .030); BMI was lower among caregivers under 20 years of age than among women 21 to 39 years of age or 40 or more years of age (20.4 ± 0.6 [n = 16] vs. 23.1 ± 0.6 [n = 38] vs. 22.3 ± 0.4 [n = 42]; p = .038); and among children 6 to 23 months of age, weight-for-length appeared lower for those living in a household of average socioeconomic status (−1.1 ± 0.3 [n = 9]) than for those living in households of high (−0.3 ± 0.2 [n = 17]) or low (0.6 ± 0.3 [n = 2]) (p =.020) socioeconomic status, although this might be a spurious relationship because of the very small number of subjects in some groups such as the low socioeconomic category. Among the groups under study for the first time, the BMI-for-age percentile in children 5 to 9 years of age appeared higher for those living in coastal villages than for those living in continental villages (35.8 ± 3.8 [n = 41] vs. 23.6 ± 3.9 [n = 41]; p = .010) and for those in households with a head who had attended school for more than 3 years than for those in households with a head who had less education (34.2 ± 3.8 [n = 44] vs. 24.4 ± 3.9 [n = 38]; p = .078). In adolescents and in adults 20 to 59 years of age, nutritional status did not vary with sociodemographic characteristics.
When the population of all villages was considered (table 1), individual nutrient requirements were mostly attained through non-natural resources (55% of requirements). In continental villages, the main contributors were agricultural resources (38% of requirements, non-natural resources) whereas fish and crustaceans were the main contributors in coastal settings (34% of requirements, natural resources). These resources were followed by wild plants (19% of requirements) and by imported or manufactured resources (15% of requirements) in continental villages and by agricultural resources (33% of requirements) and imported or manufactured resources (21% of requirements) in coastal settings. Overall, mammals, reptiles, amphibians, and birds contributed to less than 7% of the achievement of nutrient requirements, although they contributed nearly 17% of protein requirements. Mammals, reptiles, amphibians, and birds, as well as wild plants, contributed less to nutrient requirements in coastal settings than in continental villages (4% vs. 10% and 4% vs. 19%, respectively), whereas the opposite was observed for fish and crustaceans (34% vs. 9%) and for imported or manufactured resources (21% vs. 15%). No differences were observed between locations with regard to agricultural resources.
In spite of their generally lower contribution to nutrient adequacy and the fact that they contributed only 12% of energy requirements for the population of all villages, natural resources contributed around 82% of protein, 36% of vitamin A, and 20% of iron require-% of vitamin A, and 20% of iron require-of vitamin A, and 20% of iron require-% of iron require-of iron requirements. In comparison, non-natural resources contributed 58% of energy, 63% of protein, 45% of vitamin A, and 42% of iron of requirements (table 1) . Natural resources were more nutrient-dense than non-natural resources. The contribution of natural resources to nutrient requirements generally increased with age, being lowest for children 0 to 23 months of age and highest for adults and the elderly (table 2). The results were unchanged after controlling for the household use of natural resources (covariate).
Individual use of natural resources was positively correlated with nutritional status in children 24 to 59 months (weight-for-height) and 5 to 9 years of age and in adolescents (BMI-for-age), but no association was observed in children 6 to 23 months and 24 to 59 months of age (height-for-age), women caregivers (BMI), the elderly (BMI), or adults (BMI) (tables 3 to 5). In all groups except for children 6 to 23 months of age, individual use of natural resources was also positively associated with nutrient adequacy and with the household use of natural resources (tables 3 to 5). It was, however, associated with household food security only in children 6 to 23 months of age (negatively) and in the elderly (positively). With the exception of children 24 to 59 months of age (weight-for-height), household access to natural resources was not correlated to nutritional status.
Regression analysis was carried out to model the determinants of nutritional status while controlling for potential individual-, household-, and communitylevel mediators. In the final model for children 6 to 23 months of age, access to care was the best predictor of length-for-age (table 6) . Access to care explained 25.9% of the variance of length-for-age, whereas household size explained another 14.2%. Together, these determinants predicted 40.1% of the variance associated with length-for-age, whereas none of the determinants predicted weight-for-length. In children 24 to 59 months of age as well as in women caregivers and the elderly, introducing the individual use of natural food resources did not change the results reported elsewhere [26, 27] . Health status explained 15.2% of the variance associated with weight-for-height in children 24 to 59 months of age, whereas none of the determinants predicted height-for-age (results not shown). Household food security and being younger than 20 years of age remained the best predictors (negative) of nutritional status for women caregivers, whereas nutrient adequacy remained the only predictor for the elderly. They predicted 17.8% (household food security and being younger than 20 years) and 6.2% (nutrient adequacy) of its variance, respectively [26, 27] (results not shown). In adults, household access to food was the best predictor of nutritional status, although it was a negative predictor and explained only 2.6% of the variance (table 6). a. This table shows the contribution of natural and non-natural resources to the attainment of nutrient requirements and not to total intake of a nutrient. Because the attainment of requirements can be either higher or lower than 100%, the total contribution of natural and nonnatural resources to their attainment does not equal 100%. Different letters in the same column indicate significant differences between groups (p < .05).
Among children 5 to 9 years of age and adolescents, the individual use of natural resources was the best predictor of nutritional status, explaining 7.7% and 8.3%, respectively, of the variance associated with nutritional status (table 6) . Health status also explained 6.2% of the variance associated with nutritional status among children 5 to 9 years of age
Discussion
The use of natural resources by individuals contributed to a better nutritional status in children 5 to 9 years of age and in adolescents but not in other groups. Children 5 to 9 years of age and adolescents are still growing and are somewhat less vulnerable to infections than younger children. In fact, the great majority of them were not sick during the survey. Could the greater nutrient density of natural resources have favored their growth, whereas in younger children who were more often sick, the greater nutrient density of natural resources would have been used to fight disease first? As to care practices, we do not have data to rule out their eventual contribution to nutritional status in children 5 to 9 years of age and adolescents. However, care would seem somewhat less important for these groups than for younger children. Overall, the results suggest that the contribution of natural resources to better nutritional status might be real in these groups. Among children 6 to 23 months of age, only better care predicted nutritional outcome. The relationship between care and length-for-age did appear stronger among children 6 to 23 months of age than among those 0 to 23 months of age (r = 0.509, p < .01, vs. r = 0.330, p < .05). Because children over 6 months of age are 
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Contribution of natural resources to nutritional status more in contact with their environment while still being highly vulnerable, appropriate care practices, including those related to breastfeeding and complementary feeding, may have a greater impact on their nutritional status. These results reiterate the importance of care practices for the nutritional status of young children [32] [33] [34] . Living in a larger household appeared to benefit these children. It is possible that more support was available in these households, alleviating the workload of the caregiver who then had more time to This might be explained by the fact that around 50% of these children were still being breastfed, and breastmilk, which was not included in our analysis, probably provided a substantial proportion of nutrients [35, 36] . These young children also received relatively small, and generally insufficient, amounts of other foods. In children 24 to 59 months of age, the use of natural resources did not change the results of our previous analysis [26, 27] . Health status remained the only predictor of weight-for-height, an indicator of recent nutrition, whereas there was no predictor of heightfor-age. This is consistent with the higher frequency of illness in this group [25] [26] [27] , in which the higher nutrient density of natural resources could have been used to fight illness instead of for growth.
In women caregivers and adults, the absence of a relationship between their use of natural resources and their nutritional status-despite a positive correlation between their use of natural resources and nutrient adequacy-might be attributed to the nature of our indicator of nutritional status compared with the potential nutritional contribution of natural resources. Since natural resources are low-energy foods, increasing their use would not increase energy intake as much as increasing the use of non-natural resources. Increased use of natural resources would therefore not necessarily lead to a higher body mass index. Could another indicator of nutritional status, such as the anemia status of women or even their own perception of their general health status, have better reflected the potential contribution of the higher nutrient density of natural resources? The negative association between household food security and nutritional status in women caregivers is almost entirely responsible for the association now observed in adults. When the regression analysis was repeated without including women caregivers, the association between food security and nutritional status was no longer significant for adults (n = 123, p = .596; results not shown). It appears that the contribution of women caregivers to household food security was done at the expense of their own access to care and their own well-being. As others have shown in Ghanaian women [37] , it is possible that the physical labor performed by women, particularly in agriculture, had a negative effect on their nutritional status. However, we have no data on time allocations to support this assumption. This raises the issue of women's role in ensuring the food security of the household, as well as the need for a better understanding of the intrahousehold allocation of food, including how each individual gets access to enough adequate food.
We previously reported that the elderly probably improved their diet because of the survey [25] . We suspected that this was mainly done through an increased use of natural resources that elderly people especially value. Resources such as mammals, reptiles, amphibians, birds, and fish, which are often eaten with sauces made with natural resources such as palm tree nuts [38] , require more time for preparation than non-natural resources such as cassava, plantain, or rice.Their use of natural resources would therefore not reflect their usual intake and thus would not be related to their nutritional status, which was generally poor.
Finally, factors related to age and culture could explain why the contribution of natural resources to nutrient adequacy tends to increase with age, but these factors need to be clarified. Whatever was the household's access to natural resources, the decisionmaking process regarding their allocation within the household seems to deprive the youngest and to favor the adults. Certain foods, such as meat and fish, may not be considered good for children [39] . In fact, these foods are generally thought to give worms. In addition, some resources may acquire value with time. For example, imported or manufactured resources such as white rice and bread might be considered better for young children than some traditional foods and may be replacing them in the diet. Among a central African population, de Garine [40] also observed that imported foods such as rice were highly appreciated, and rice was often among the first complementary foods given to young children. In our context, it is thus not clear that improving the household's access to natural resources would necessarily benefit all its members. This again reinforces the need to better understand the intrahousehold allocation of food-particularly of natural food resources-to more fully appreciate their value. To our knowledge, this is the first study to investigate the relationship between the individual use of natural resources, the achievement of nutrient requirements, and nutritional status. In developing countries, some authors [41, 42] have assessed the individual consumption of natural resources among small (n < 40) and specific (men or women) groups, but they have not related consumption to nutritional status. Others [43] [44] [45] [46] have also provided estimates of the individual use of natural resources calculated from data at the household level without direct quantification at the individual level. The lack of reliability of available data on the use of natural resources by populations has already been pointed out. In addition, in Central Africa, most studies have focused on the use of bushmeat [43] [44] [45] [46] [47] [48] [49] . We thus attempted to fill some of these gaps by providing estimates of the use of multiple natural resources based on data collected at the individual level over a 7-day period in each major season and by investigating how natural resources might contribute to nutritional outcome.
Conclusions
Our results show that natural resources contribute to the nutritional well-being of children 5 to 9 years of age and adolescents, mainly via their contribution to the achievement of individual nutrient requirements. However, care practices need to be investigated to confirm these results.
In general, more research is necessary to understand the intrahousehold distribution of food-particularly of natural food resources-as well as to define an indicator of individual access to food so as to more fully appreciate the value and the potential of natural resources for the population's welfare. In addition, for children under 24 months of age, we reiterate the importance of improving care practices, including more optimal breastfeeding and complementary feeding practices, and in women caregivers, we underline once again the need to investigate their role in household food security.
Until now, protected areas have been established to preserve natural resources. Access to these resources has been restricted without necessarily taking into account the population's reliance on them for their welfare. Other than activities related to conservation objectives, more efforts need to be dedicated to appreciating the full role of natural resources for populations living within and around protected areas.
